Background: The Sniffin' Sticks test is a well-developed olfactory test, with normative data having been derived from more than 3,000 subjects in central-northern Europe and Australia. However, as environment affects olfactory function, the purposes of this study were to establish normative data for the Sniffin' Sticks olfactory test in Taiwan, where the climate is different from that of Europe, and to determine whether or not the olfactory function of Taiwanese is different from that of Europeans. Methods: One hundred and forty-five subjects with normal self-rated olfactory function were enrolled. The Sniffin' Sticks olfactory test was used to score olfactory threshold (OT), odor discrimination (OD) and odor identification (OI), and a composite TDI score was calculated. Results: All of the tasks related to the Sniffin' Sticks olfactory test correlated significantly and inversely with age. The 10 th percentiles of OT, OD, OI and TDI in the 16-35 years age group were 4.50, 9.70, 12.00 and 30.00, respectively.
Introduction
The Sniffin' Sticks olfactory test originated from Germany (Burghart, Wedel, Germany) and is a well developed olfactory test. 1 It is comprised of odor threshold, discrimination and identification tests. The normative data of the Sniffin' Sticks olfactory test has been established on the basis of results obtained in thousands of healthy subjects in Europe. 2 The composite score of olfactory threshold (OT), odor discrimination (OD) and odor identification (OI) are calculated as the TDI score, which is ≤ 15 for anosmia, ≥ 30 for normosmia, and in between for hyposmia. 2 Nevertheless, olfactory function is also influenced by weather and environment. Subjects in the Mediterranean climate have a higher average TDI score than that of people living in central-northern Europe. 3 The Sniffin' Sticks olfactory identification test has been modified in Taiwan, where the cultural background is different from that in Europe. [4] [5] [6] The OT and OD tests are relatively less influenced by differences in cultural backgrounds. Therefore, the Sniffin' Sticks olfactory test is potentially useful for the assessment of olfactory function in Taiwan. Taiwan is a subtropical area and the weather is strikingly different from that in central-northern Europe and the Mediterranean. The purposes of this study were to establish normative data for the Sniffin' Sticks olfactory test in a subtropical area, and to determine whether or not the olfactory function of Taiwanese is different from that of Europeans. 
Methods

Subjects
The modified Sniffin' Sticks olfactory test
The Sniffin' Sticks olfactory test was used, which includes OT, OD and OI tests. Except for 26 of the 64 descriptors of the OI test being replaced, 4 the test procedures were the same as those of the original Sniffin' Sticks olfactory test. 1 Briefly, subjects were blindfolded in the OT and OD tests, and sets of odorcontaining pens were presented at about 2 cm in front of each subject's nostrils. In the OT test, there was 1 nbutanol-containing pen and 2 odorless pens in each set. Subjects were asked to identify the odor-containing pen in each set. Pens were presented in ascending concentration. With 2 consecutive correct identifications, another set of 3 pens with a 1-step-lower concentration was presented. The threshold was defined as the mean of the last 4 of 7 staircase reversal points. The OT score ranged from 1 to 16. In the OD test, each set of 3 pens included 2 pens with the same odor and 1 pen with a different odor. Subjects were asked to identify the pen with a different smell from the other 2. A correct identification received 1 point, and the total score ranged from 0 to 16 for 16 sets of odor-containing pens. In the OI test, subjects chose an item from a list of 4 verbal items after smelling an odor-containing pen. The OI score ranged from 0 to 16 for the 16 odors presented. The results of these 3 subtests were calculated as a composite TDI score, which was derived from the sum of the results obtained for the OT, OD and OI measures (range, 1-48).
Statistical analysis
SPSS version 17.0 (SPSS Inc., Chicago, IL, USA) was used for the calculations. Pearson's correlation was used to analyze the relationship between age and OT or TDI scores, and Spearman's correlation for the relationship between age and OD or OI scores. 
Results
The mean OT, OD, OI and TDI scores for the age groups 16-35 years, 36-55 years and > 55 years are shown in Table 1 . The 10 th percentile values of the 16-35 years age group were used to separate the normosmia from the absolute hyposmia subjects, 2 i.e. 4.50 for OT, 9.70 for OD, 12.00 for OI and 30.00 for TDI (Table 1) 
Discussion
Our study established normative values of the Sniffin' Sticks olfactory test in Taiwan (Table 1 ). All the OT, OD, OI and TDI scores correlated significantly and inversely with age. Generally speaking, Taiwanese olfactory function was similar to that of people living in central-northern Europe and Australia as measured by the Sniffin' Sticks olfactory test, except for a slightly lower OT score ( Table 2 ). The normative data of Sniffin' Sticks in Greece, including OD, OI and TDI values, had been found to be better than those in central-northern Europe and Australia (Table 2) . 2, 3 Similarly, the OD, OI and TDI values in Greece are obviously better than those in Taiwan (Table 2) . The Mediterranean climate, with long periods of sunshine almost all year round, is relatively warm, and has dry summers and mild rainy winters. It has been suggested that this would beneficially affect the olfactory epithelium. 3 The climates of Taipei, 7 where our study was performed, and Dresden, 8 where most of the Sniffin' Sticks data in central-northern Europe were collected, 2 and Athens and Alexandroupolis, 9 where the normative data of the Sniffin' Sticks olfactory test were collected in Greece, 3 were compared in terms of average monthly temperature and precipitation. The climate in Taipei is much wetter: average monthly precipitation in Taipei ranges from 78.8 mm to 319.4 mm, which is much higher than the 5.2-64.1 mm in Athens and 13.0-88.0 mm in Alexandroupolis. Nevertheless, while the climate of Taipei, which is warm (average monthly temperature, 15.8-28.2°C) and moist, is quite different from that of Dresden (average monthly temperature, 0-18°C; average monthly precipitation, 36-81 mm), the people living in these cities have similar Sniffin' Sticks olfactory scores (Table 2) . Sinonasal disease is one of the major causes of olfactory dysfunction; 15-21.6%, and even up to 61.3%, of olfactory dysfunction is caused by sinonasal diseases. [10] [11] [12] [13] Climate-induced nasal disorders may be responsible for the lower Sniffin' Sticks olfactory scores in Taipei and Dresden. It is possible that people in the Mediterranean may have better Sniffin' Sticks scores due to a lower prevalence of allergic rhinitis.
In conclusion, the normative data of the Sniffin' Sticks olfactory test in Taiwan showed little difference compared to data from central-northern Europe, where the climate is quite different from that of Taiwan.
